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Objectives: To report available information in the literature regarding frequency, indications, types of
antibiotic usage, duration, and their efficacy in Covid-19 infected patients.

Methods: The search was conducted on April 30 and May 7, 2020, using Ovid database and Google search.
Patients’ characteristics, clinical outcomes, as well as selected characteristics regarding antibiotic use
(indication, class used, rates and types of bacterial secondary and co-infection, and duration of treatment)

Key '.’Vl.)rd.S: were analyzed.

‘2‘33‘;‘;2‘; treatment Results: Nineteen clinical studies reporting data from 2834 patients were included. Mean rate of antibiotic
Coronavirus infection use was 74.0 % of cases. Half the studies reported occurrence of a bacterial co-infection or complication (10
Pneumonia studies). Amongst the latter, at least 17.6 % of patients who received antibiotics had secondary infections.

Pooled data of 4 studies show that half of patients receiving antibiotics were not severe nor critical.
Detailed data on antibiotic use lack in most articles.
Conclusions: The present review found a major use of antibiotics amongst Covid-19 hospitalized patients,
mainly in an empirical setting. There is no proven efficacy of this practice. Further research to determine
relevant indications for antibiotic use in Covid-19 patients is critical in view of the significant mortality
associated with secondary infections in these patients, and the rising antimicrobial resistance.
© 2021 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Review paper

Introduction

“No time to wait”: the title chosen for the recently published
International Coordination Group on Antimicrobial Resistance
United Nations-addressed report [1] speaks for itself. Health sys-
tems are currently facing an acute and critical challenge in most
countries: the Covid-19 pandemic. However, the latter should not
overshadow the issue of antimicrobial resistance but rather empha-
size it, and this for two reasons. First, it appears that secondary
bacterial infections are often responsible for fatalities among
influenza pandemics, as was the case in the 1918 influenza outbreak
and the 2009 H1NT1 influenza pandemic [2]. Similarly, in a Wuhan-
based study reporting outcomes and treatment for 191 patients
hospitalized for Covid-19 [3], 50% of deaths were imputable to sec-
ondary bacterial infections. Thus, antibiotics appear to be a crucial
defense against mortality in Covid-19 patients. Second, resistance
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to antimicrobials is already currently estimated to cause 700, 000
deaths worldwide yearly [1] and would therefore also be expected
to play a significant role in Covid-19-related mortality. Regard-
ing influenza, Infectious Diseases Society of America’s updated
guidelines in 2018 [4] stated that “there are no data to support
the safety or efficacy of antibiotic chemoprophylaxis to prevent
bacterial complications.” Similarly, the Covid-19 guidelines of the
China National Health Commission (CNHC) [5] stated that “blind or
inappropriate use of antibiotic drugs should be avoided, especially
broad-spectrum antibiotics.”

However, detailed data on relevant indications for antibiotic use
in these patients needs to be investigated. We present here a review
of studies reporting use of antibiotics in hospitalized Covid-19
patients. We reported the information regarding frequency, indi-
cations, types of antibiotic usage, duration, and their efficacy in
Covid-19 patients.

1876-0341/© 2021 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Methods
Selection criteria and search study

Inclusion criteria were journal articles reporting clinical studies
on treatment of Covid-19 patients with antibiotics. Case reports,
non-clinical studies, reports on coronavirus other than the severe
acute respiratory syndrome coronavirus 2, and articles not men-
tioning the use of antibiotic in these patients were excluded from
the review. Studies for which data about antibiotic treatment
were too scarce were excluded. Research was limited to English-
language articles relative to adults. Two sources of information
were used in this review.

First, we searched on Google using the terms “Covid-19” and
“antibiotic use” and selected the first result: an article question-
ing the impact of antibiotic use in Covid-19 patients on antibiotic
resistance [G]. The author notes the creation of a website by
Adam Roberts and Issra Bulgasim to report “secondary infections,
antibiotic chemotherapy and antibiotic resistance in the context of
Covid-19” [7]. As of April 30th, there were 27 reported articles on
the website from peer-reviewed published literature. We included
fourteen studies as per our including criteria.

Secondly, we searched Ovid on May 7th, 2020 using “Ovid
Medline (R) and Epub ahead of print, In-Process, and other non-
indexed citations, daily and versions (R)” database. Four keywords
were used with their associated MeSH terms: “Covid*” with its
relevant associated MeSH terms (“coronavirus infections”, “beta-
coronavirus”, “pneumonia”, “viral”, and “severe acute respiratory
syndrome”), “therapy*” with its associated MeSH terms (“drug
therapy” and “drug therapy, combination”), “treatment*” and its
associated MeSH terms (“treatment failure” and “treatment out-
come”), and “antibiotics”. This research retrieved 101 records.
After eliminating case reports and non-journal articles from both
research results (49 in total), 79 article titles and/or abstracts were
assessed for eligibility. A full text read was performed later, to
ensure the compliance of the chosen articles with inclusion cri-
teria. Only 5 articles were ultimately selected through Ovid search.
Mostretrieved studies were retrospective, with 3 being multicenter
studies [3,8,9]. One was a clinical trial [10], and 1 was a random-
ized clinical trial [11]. Twelve duplicates found in both searches
were excluded. Searching through the bibliography of the studies
did not provide additional studies. A flow chart is shown in Fig. 1.

Studied variables

The following characteristics were extracted from each study:
country where the study was conducted, number of patients,
percentage of chronic diseases (such as hypertension, diabetes,
cardio-vascular disease, pulmonary disease, etc.) as reported in
each study, percentage of severe cases, death rate, rate of antibiotic
use, rate and type of secondary and co-infection, types of antibi-
otics used, duration of antibiotic treatment, as well as rate of use of
glucocorticoids and antivirals.

Definition of studied variables

Four articles used the guidelines from the CNHC to classify
patients’ severity [3,8,12,13]. Mildwas defined as mild clinical
symptoms or asymptomatic with no signs of pneumonia on imag-
ing, Moderatewas defined as having fever or respiratory tract
symptoms and signs of pneumonia on imaging; Severewas clas-
sified if one of the following was present: a) dyspnea with a
respiratory rate of > 30 per minute, b) saturation < 93%, and
c) Pa02 | Fi02 < 300 mmHg; CriticalWas classified if one of the
following was present: a) respiratory failure requiring mechani-
cal ventilation, b) shock, and c) co-existing multiple organ failure
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requiring close monitoring in the Intensive Care Unit (ICU). One
article reported severity according to American Thoracic Society
guidelines for community-acquired pneumonia [14]. Other articles
[10,16-20] reported severity in terms of presence of hypoxemia,
acute respiratory distress syndrome, acute renal injury, septic
shock or admission to the intensive care unit, without mention-
ing the overall prevalence of severe patients. For the latter studies,
we only reported the most prevalent severity criterion to avoid
overestimating the level of severity of the given cohort.
Secondary infection was defined as an infection occurring after
the treatment of an initialinfection, and co-infection was defined as
an infection occurring during the treatment of Covid-19 infection.

Results
Epidemiology and patients’ characteristics

Nineteen studies were included, comprising 2834 patients in
total. Most articles (sixteen) came from China, one from the United
States [20], one from Brazil [11], and one from Denmark [21]. Some
studies reported age of the patients as a mean, others as a median
anditranged between28[22]and 69.5 [20] years old for median age
and 52.9 [8] and 65.5 [19] for mean age. 23.7% (873) of patients had
previous preexistent chronic diseases. Pooled mortality rate was
11 % (405 patients among 2834). 36.2% (1026 out of 2834) patients
were classified as severe patients. Patients’ characteristics of the 19
selected studies are summarized in Table 1.

Rate of use of antibiotics, antivirals, and glucocorticoids

Mean rate of antibiotic usage was 74.0% (2098 out of 2834
patients). Compared to antibiotics, antivirals were used in 56.9%
of patients (1613 out of 2834 patients). Glucocorticoids were used
in 36.9% of patients (1045 out of 2834).

Types of antibiotics used and duration of treatment

Only 4 studies comprising 375 patients reported frequency of
use of different types of antibiotics [11,15,22,23]. Fluoroquinolones
were the most used, with 56.8% of patients (213 out of 375), fol-
lowed by ceftriaxone in 39.5% of patients (148 out of 375), then
azithromycin in 29,1% of patients (109 out of 375). Carbapenems
were only used in 2 patients. Seven articles [12,13,17,19,20,24,25]
reported the types of antibiotics used but with scarce data regard-
ing their frequency of use. Only 3 studies reported duration of
treatment: Chenetal. [24] reported thatitranged between 3 and 17
days, with a median of 5 days. Borba et al. [11] reported a duration
of 7 days (for Ceftriaxone) and 5 days (for Azithromycin). Peder-
sen et al. [21] reported that clarithromycin was discontinued if
cultures for atypical bacteria were negative, whereas duration of
treatment for meropenem and piperacillin-tazobactam was at least
eight days.

Coinfections, secondary infections rate and timing, and impact on
survival

Eight studies[10,12,13,19,21,24,25,27] recorded the occurrence
of secondary infections and 2 [16,17] reported co-infection rates.
Pooled secondary and co-infection rate was 7.6% (123 out of 1614
patients). Among studies reporting secondary infections, only one
did not report frequency of these infections [25]. Compiled results
showed that 17.6% of patients (123 out of 697) who received antibi-
otics had secondary or co-infections. Interestingly, Zhou et al. [3]
noted that mean time until occurrence of secondary infections was
17 days after diagnosis for non survivors and 14 days for survivors
who developed a secondary infection. He et al. [24] reported that
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Table 1

Data gathered from the 19 selected articles regarding patients’ characteristics as well as modalities of antibiotic usage.

Author Country Number of Severity of the disease Rate of antibiotic use Coinfections and Site of infection and Types of antibiotics
patients and death rate secondary infections available culture used
rate
Wang et al. (16) China, Wuhan 138 " ICU transfers: 36 At least 89 (64.4%) Not mentioned Not mentioned o Moxifloxacin: 89
(26.1%) o 6 (4.3%) (64.4%) o Ceftriaxone:
34 (24.6%) e
Azithromycin: 25
(18.1%)
Wang et al. (17) China, Wuhan 107° o ARDS: At least 28 85 (79.4%) Bacterial coinfections: o 1 bacteremia Not mentioned
(26.2%) « 19 (17.7%) 5(4.7%) (Staphylococcus
caprae) e 4 bacterial
pneumonia
(Acinetobacter
baumannii)
Z.Wang et al. (18) China, Wuhan 69 e Hypoxemia: 14 66 (98.5 %) 3 positive sputum Acinetobacter o Moxifloxacin (58%)
(20.3%) @ 5 (7.5%) cultures (43% of baumannii and
patients had sputum Enterobacter cloacae, 2
culture) Chlamydia IgG (+)
He et al. (24) China, Wuhan 65¢ o Severe: 43 (66%) e 10 Prophylactic use: 49 Secondary bacterial e Pneumonia (32.3%), Antibiotics used
(15.4 %) if occurrence of (75.4%) infections: 7.1% (65 out bacteremia (24.6%), prophylactically: e
a secondary infection of 918) and urinary tract Fluoroquinolones
vs 19 (7.3%) if not infection (21.5%) e (61.5%) e A
Coagulase negative combination of
staphylococcus (27.9%), antibiotics (10.8%)
Acinetobacter (20.9%), Cephalosporins (9.2%) e
Pseudomonas Beta
aeruginosa (14.0%) lactam/Beta-lactamase
inhibitors (7.7%) e
Azithromycin (4.6%)
Ornidazole (3.1%).
Zhou et al. [3] China, Wuhan 191 e Severe or critical: 119 181 (95%) 50% in non survivors vs o VAP (31% of Not mentioned
(62.3%) @ 54 (28.3%) 1% of survivors (p < intubated patients) e
0.0001) Septic shock (38; 20%)
o Negative cultures
upon admission
Yang et al. (27) China, Wuhan 52 o Only critically-ill 49 (94%) Hospital-acquired e HAP (11.5%) o Not mentioned
patients e 32 (61.5%) infections: 13.5% Aspergillus flavus, A
fumigatus, extended
spectrum (-Lactamase
(ESBL)-positive K
pneumonia,
ESBL-positive
Pseudomonas
aeruginosa, and
ESBL-negative Serratia
Huang et al. (19) China, Wuhan 41 o ICU patients: 13 (32%) 41 (100%) Secondary infections: Not mentioned Not mentioned
*6(15%) 10%
G.Chenetal. (13) China, Wuhan 21 o Only moderate and 21 (100%) Secondary infections: Not mentioned, « Moxifloxacin e

severe cases o 4 (19%)

3-all in severe cases
(27.3% of severe cases)

presence of positive
cultures for the
diagnosis of secondary
bacterial infection

Cephalosporin
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Table 1 (Continued)

Author Country Number of Severity of the disease Rate of antibiotic use Coinfections and Site of infection and Types of antibiotics
patients and death rate secondary infections available culture used
rate
N. Chen et al. [25] China, Wuhan 99 o Severity criteria upon 70 (71%) Not mentioned Common pathogens of o Cephalosporins e
admission: 33 (33%) secondary infections Quinolones o
11 (11%) included A baumannii Tigecycline o Single
and K pneumoniae antibiotic: 25 (25%) e
Combination: 45 (45%)
T. Chen et al. (14) China, Wuhan 274¢ o Only moderate and 249 (91%) Not mentioned Not mentioned o Moxifloxacin e
severe cases o 113 of Cefoperazone e
799 (14.1 %) Azithromycin
H. Chen et al. (22) China, Wuhan 9d « No severe case and no 9 (100%) Not mentioned Not mentioned Not mentioned
deaths
Xu et al. (26) China, Zhejiang 62 o Severe: 0 (0%) o 0 (0%) 28 (45%) Not mentioned Not mentioned e Quinolones And o
province Second generation Beta
lactams (oral and
intravenous)
Caoetal.(10) China, Hubei 199 o Hypoxemia: 199 189 (95%) Secondary infections: 7 Not mentioned Not mentioned
province (100%) o 44 (22.1%)
Pan et al. (8) China, Hubei 204 o Severe or critical 141 (69.12%) Not mentioned Not mentioned Not mentioned
province (among patients with
digestive symptoms):
37 (36.6%) « 36 (17.7%)
Zhao et al. (23) China, Hubei 91 o Severe: 30 (33.0%) o 2 90 (98.9%) Not mentioned Not mentioned o Cephalosporins: 27
province (2.2%) (29.7%) »
Fluoroquinolones 84
(92.3%) e Carbapenems
2(2.2%)
Guan et al. (9) China, 30 1099 e Severe: 173 (15.7%) 637 (58%) Not mentioned Not mentioned Not mentioned
provinces 15 (1.4%)
Borbaetal. (11) Brazil 81 o Only severe cases o 81 (100%) Not mentioned Not mentioned o Intravenous
22 (27.1%) ceftriaxone (1 g twice
daily) Plus
Azithromycin (500 mg
daily)
Pedersen et al. (21) Denmark 16 o Only intubated 16 (100%) At least 1 (6.25%) VAP: 1 patient, e Meropenem and
patients e 7 (43.75%) Enterobacter cloacae clarithromycin: 5 ¢
Piperacillin-
tazobactam® e
Vancomycin
Aggarwal et al. (20) United States 16 o Hypoxemia: 6 (38%) At least 7 (43%) Not mentioned VAP: 1, Clostridium o Azithromycin (43%)

3(18.75%)

difficile infection: 1

2 Piperacillin-tazobactam changed to meropenem if clinical worsening, with/without addition of vancomycin.

b 88 patients in the report have been included in the JAMA cohort.

¢ Cases analyzed among a cohort of 799.

Study included only pregnant women.

¢ 65 patients who had secondary infections were analyzed out of a cohort of 918 patients.
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101 records identified
through Ovid database
searching on May 7,2020
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27 additional records
identified from Google search
on April 30,2020

128 records screened

49 records
excluded:

60 records excluded :

case reports,

| case series
and non-

! jounal

- Not clinical studies (10)

- Coronaviruses other than
Covid-19 (2)

- Not on Covid-19 patients

79 articles titles and/or
abstracts eligibility were
assessed by a full text read

articles

(6)
- Antibiotics use not
mentioned (26) —
- Insufficient data (2)

- Reviews on treatments
other than antibiotics (2)

- Articles found both on
Roberts’ site and on Ovid

19 articles included in the
review

(7), and duplicates on
Ovid (5)

Fig. 1. Flow chart of the search.

use of combination antibiotics was a significant predictor of noso-
comial infection after adjustment for other covariates (OR, 1.84,
95% Cl, 1.31-4.59; P = .003). Moreover, death rate was 15.4 % for
patients who had secondary infections versus 7.3% in patients with-
out secondary infections (OR 3.87; 3.87; 95% confidence interval
[CI], 0.84-4.16; P = .045). Wang et al. [17] noted there were sig-
nificantly more coinfections in non-survivors than in survivors.
Similarly, Zhou et al. [3] reported that 50% of deaths in their cohort
were imputable to secondary infections.

Antibiotic use rate according to patients’ severity and survival rate

Three studies reported a higher antibiotic use rate in more
severe patients. Guan et al. [9] noted that antibiotic use rate
was higher among severe patients (80.3% vs 53.8% of non-severe
patients). G. Chen et al. [13] administered empirical antibiotics for
all moderate and severe cases. Among the 5 studies reporting data
from exclusively severe or critical patients [10,11,21,24,27], rates
of antibiotic use was more than 90% except for the study of He et al.
in which only 75.4% of patients received empiric antibiotics despite
severe disease. Similarly, Lei Pan et al. [8] reported 67.9% of moder-
ate patients receiving antibiotics but 100% of severe ones. However,
91.3% of critical patients received antibiotics. However, rules for
antimicrobial prescription were not mentioned. Conversely, 2 stud-
ies [22,26] that did not report any severe cases reported rates of
antibiotic use of 45% and 100%. 4 studies [3,14,17,27] comparing
survivors and non-survivors found no significant difference regard-
ing antibiotic use. Among the 4 studies reporting severity according
to the CHNC [8,12-14], three mentioned the number of severe and
critical cases. Pooled results show that 48.7% (167 out of 343) of
patients who received antibiotics in these studies were severely or
critically ill.

Antibiotic use rate according to duration of symptoms, and
laboratory values

Xu et al. [26] noted that antibiotic use rate was higher (48%
vs 41%) when duration of symptoms exceeded 10 days. They also
reported that antibiotics were administered if fever lasted for more
than seven days. Xu et al. [26] noted that antibiotics were adminis-
tered when C-reactive protein levels were 30 mg/L or more (normal
range 0—8 mg/L). Pedersenetal. [21] selected trend of Procalcitonin
to aid in antibiotic monitoring.

Discussion

This review exposes several critical findings related to antibiotic
use in hospitalized Covid-19 patients.

Frequency, indications and type of antibiotic use

This review highlights the heavy use of antibiotics in patients
hospitalized for Covid-19 (74% of hospitalized patients among 19
studies). Although detailed clinical reasoning for antibiotic pre-
scription lack in most studies, some general tendencies can be
underlined. Firstly, only a minority of patients (17.6% among 4 stud-
ies) who receive antibiotics have proven secondary or co- bacterial
infection, indicating a major empiric use of antibiotics. Of note,
Guan et al. [9] reported difficulties in performing bacteriologic or
fungal assessment on admission because of overwhelmed medi-
cal structures. Interestingly, none of the studies explored quality
of care in terms of saturation of the related hospital structures,
possibly because of the retrospective design of most of the stud-
ies. However, efforts to obtain appropriate culture samples are
critical to ensure appropriate antimicrobial stewardship. Secondly,
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although antibiotic treatment was found to be generally more
prevalent in more severe patients, half of patients who received
antibiotics were not severe, indicating a tendency to extend indi-
cations of antibiotic therapy to non-severe patients. Further studies
investigating antibiotic use in this category of patients are of
uttermost importance to limit unrelevant unrelevant antibiotic
prescriptions, and thereby antimicrobial resistance. Thirdly, fluo-
roquinolones were the most used class among the reports, despite
their known propensity to induce resistance. No study investi-
gated the type of empiric antibiotic therapy chosen according to
the severity of the patient. Future studies in this area are critical
to ensure an optimal antimicrobial usage in the Covid-19 patients.
Finally, further research is warranted regarding the supportive role
of laboratory panels to optimize antimicrobial stewardship.

Regarding efficacy of antibiotics

Four studies [3,14,17,27] comparing survivors and non-
survivors found no significant difference regarding antibiotic use.
However, there was no study on survival rate according to pres-
ence or absence of empiric antibiotic treatment. Antibiotic efficacy
should be further investigated prospectively in Covid-19 patients
to minimize their unrelevant use. Conversely, impact of empiric
antibiotherapy on secondary infections should also be further
investigated, given that one study [24] reported an association
between use of combination of antibiotics and occurrence of sec-
ondary infection.

Antibiotic use in Covid-19 infected patients

The most frequently used antibiotics were fluoroquinolones,
macrolides and cephalosporins. Possible explanation for such use is
lung coverage for pneumococcal, gram negative and atypical bac-
terial infections. Ventilator associated infections were reported in
many studies, without mention of any specific involved organism.
Two studies reported isolation of Staphylococcus species [17,24],
but there was no mention of methicillin resistant Staph aureus iso-
lates in any article. It is unclear why and how antibiotics were used
in most of these studies.

Impact of antibiotic use in patients with comorbidities

Specific patients’ comorbidities should be addressed when
deciding on the type of antibiotic and route of administration to
use. Quinolones were frequently used in reported studies. How-
ever, these are associated with many adverse events including QT
interval prolongation, tendon rupture and aortic dissection. [28] No
adverse event was reported in selected studies. Intravenous route
of administration of antibiotics was the most used as many patients
were defined as having severe Covid-19 infection and may have had
an impaired oral absorption. Corticosteroids, recently approved for
use in severely ill patients with Covid-19 who are on supplemental
oxygen or ventilatory support, expose the patient to a risk of hyper-
glycemia and hypertension. [29] Patients receiving steroids and
antibiotics are usually the ones who have medical comorbidities
and are sicker. This population of patients are usually on concurrent
chronic medications and the addition of antibiotics could increase
the risk of drug-drug interaction. Physicians should weigh benefits
against risks before initiating such drugs.

Antimicrobial resistance in Covid-19 pandemic

The impact of Covid-19 on antimicrobial resistance is currently
difficult to predict, however most studies report heavy empir-
ical use contrasting with relatively low frequency of bacterial
co-infection and secondary infections [30]. Antimicrobial exposure
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has been demonstrated to be a risk factor for increase microbial
resistance [31]. In addition to that, long duration of hospitaliza-
tion with intensive care unit stay increases the risk of infections
with multidrug-resistant organisms [32]. Antimicrobial steward-
ship program is among other important strategies to reduce such
risk [33].

Antibiotic usage in Covid-19 with gastrointestinal problems

Recent studies suggest that patients with altered gut microbiota
might experience more severe Covid-19 symptoms [34]. Given
that antibiotics may further alter digestive microbial flora, empiric
treatment for bacterial pneumonia in Covid-19 patients should only
be initiated when clinical suspicion is high. It is unclear what would
be the most appropriate antibiotic in bacterial coinfected Covid-19
patients with gastrointestinal symptoms.

Limitation of this review

As to the designs of the studies, most of them reported that a sig-
nificant portion of patients were still in hospital by the end of the
study (for example, 34.1% in Wang et al. (16)). This may have led to
an overestimation of the total rate of antibiotic use and secondary
infections. Furthermore, classifications regarding patients’ severity
were heterogenous, rendering comparison between articles diffi-
cult. Only a limited number of published articles was included,
mostly from Republic of China and this could have impacted the
results. Nonetheless, we provided the rate of severe patients in each
study, as this variable is critical to determine relevance of antibiotic
use. Regarding types of secondary bacterial and co-infections, we
decided to report the available results, although little information
was presented.

Conclusion

This review presented data from nineteen studies regarding
antibiotic usage in 2834 patients with Covid-19 disease. Mean rate
of antibiotic usage was 74%. Only 17.6 % of patients who received
antibiotics had secondary infections and half of the patients who
received antibiotics were not severe, indicating a significant ten-
dency to initiate antibiotics in mild or moderate patients. Four
retrospective studies reported no benefit of antibiotic treatment on
mortality. Detailed data on antibiotic use are lacking in most arti-
cles. Further research on this matter is critical to determine relevant
indications for antibiotic use in Covid-19 patients.
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